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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a memory cell structure for reducing a 
word current and a manufacturing method therefor. 

SOLUTION: The structure of a magnetic random access memory (MRAM) cell 
having a giant magnetores i stance (GMR) material part 11 wound by a single 
or many word lines 12 is provided. By superimposing the magnetic field 
generated by word currents 13, 14 in the GMR material part 11, the 
magnetic field intensity as a whole is proportionally increased. By 
passing the same word current through the GMR material part 11 many 
times, the word magnetic field equivalent to the many times of word 
magnetic fields generated by a large word current in the conventional 
MRAM cell is generated. 
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CLAIMS 



[Claim (s)] 

[Claim 1] Memory cell structure which is the memory cell structure in 
magnetic random access memory (10), and is characterized by consisting 
of : magnetic-substance partial (11) conductor [ which has the connection 
cutting tool (12c) who impresses the 2nd leg (12b) on the other side of 
the 1st leg (12a) and said part, and impresses a magnetic field to said 
part ] (12); on the one side of; and said part (10). 
[Claim 2] Memory cell structure in the magnetic random access memory 
according to claim 1 characterized by including further the magnetic- 
flux concentration means (41 43) on which it is arranged near said 
conductor (12) by the side of opposite of said magnetic-substance part 
(11), and magnetic flux is centralized to said magnetic-substance part 
(11) (10). 

[Claim 3] Memory cell structure in the magnetic random access memory 
according to claim 2 characterized by including further the dielectric 
layer (42 44) inserted between said magnetic-flux concentration means 
(41 43) and said magnetic-substance part (11) (10). 



[Claim 4] To the one side of said magnetic-flux concentration means, The 
magnetic-flux concentration means on which it is the memory cell 
structure (60) in magnetic random access memory, and : magnetic flux is 
centralized (61) ; The 1st leg, Memory cell structure characterized by 
consisting of magnetic-substance matter partial (11) ; magnetically 
combined with conductor (12) ; which has the 2nd leg and a connection 
cutting tool in the other side of said magnetic-flux concentration means, 
and said magnetic-flux concentration means (60). 

[Claim 5] The phase which forms a line (80) the 1st conductor on said 
phase; substrate (81) which prepares the substrate (81) with which it is 
the manufacture approach of the memory cell structure in magnetic random 
access memory, and the : aforementioned magnetic random access memory is 
formed; the 1st dielectric layer (83) phase; to form — said phase! 
which forms a magnetic-substance part (84) so that a line (80) top may 
be crossed the 1st conductor — said substrate (81) — Said magnetic- 
substance part (84) and said phase which deposits a dielectric layer 
(85) on a line (80) the 1st conductor; Said dielectric layer (85) is 
penetrated, phase; which forms said Bahia Hall (86) who contacts a line 
(80) the 1st conductor — said Bahia Hall (86) — a conductor — on 
phase; filled up with the matter, and said dielectric layer (85) The 
approach characterized by consisting of phase; which was electrically 
connected with said conductor, and which forms a line (87) the 2nd 
conductor. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] If this invention is further specified about 
the random-access-memory cellular structure in magnetic random access 
memory, and its manufacture approach, it relates to the memory cell 
structure which carries out multiple use of the same WORD current in the 
part of a huge magnetic-reluctance memory device, and its manufacture 
approach. 
[0002] 

[Description of the Prior Art] Magnetic random access memory (MRAM) is 
nonvolatile memory, and includes the huge magnetic-reluctance (GMR: giant 
magnetoresistive) matter part as a memory device, a sense line, and Ward 



Rhine fundamentally. MRAM memorizes a memory condition using the 
direction of a magnetic vector in a GMR part, and reads memory using the 
GMR effectiveness. The magnetic vector in the GMR matter will change in 
the other directions from an one direction very quickly, if a bigger 
magnetic field than a certain SURESHIHORUDO is impressed to a GMR matter 
part. According to the direction of the magnetic vector in the GMR 
matter, a condition can be memorized, for example, one direction can be 
defined as logic "0", and the direction of another side can be defined 
as logic "l. " GMR memory holds these conditions, even when a magnetic 
field is not impressed at all. The condition of having memorized in the 
GMR matter can be read by the sense line connected to the GMR part at 
the serial. That is, since resistance of a GMR part changes with 
directions of a magnetic vector, a voltage output which is different in 
a sense line occurs by difference of the direction of the magnetic 
vector in the GMR matter. 
[0003] 

[Problem(s) to be Solved by the Invention] Typically, Ward Rhine is a 
single metal wire and is arranged on the top face or inferior surface of 
tongue of the GMR matter. When making a condition change in a GMR matter 
part, in MRAM of high density, a current higher than 10mA may be needed. 
This current consumed a lot of power, and this has barred becoming a 
powerful candidate for the application of a pocket device about MRAM. 
[0004] Therefore, the manufacture approach of the memory cell structure 
aiming at reduction of the Ward current and this memory cell structure 
is needed. 
[0005] 

[Means for Solving the Problem] The need for a **** and others is mostly 
fulfilled by offering the memory cell structure in the magnetic random 
access memory of this invention. This memory cell structure has the 
connection cutting tool (connecting bight) from whom a conductor 
supplies a magnetic field to the one side of a huge magnetic-reluctance 
matter part at the other side of the 1st leg and a huge magnetic- 
reluctance matter part using the current to the 2nd leg and a GMR matter 
part including a huge magnetic-reluctance matter part and a conductor 
(Ward Rhine) . Moreover, there is a dielectric layer which separates a 
conductor and a GMR matter part. 
[0006] 

[Embodiment of the Invention] Drawing 1 is the simple expansion 
perspective view showing the memory cell structure by this invention. 
The memory cell structure 10 includes Ward Rhine 12 which has the 
magnetic matter part 11, the part 11 which consists of huge magnetic- 



reluctance (GMR) matter especially, Legs 12a and 12b, and cutting tool 
(bight) 12c. Although the memory cell structure 10 is covered with the 
dielectric matter, this is not shown in drawing 1 . The GMR matter part 
11 can be used as a magnetic layer like nickel, iron, cobalt, or those 
alloys, and is separated by non-magnetic-material interlayer like Cu. 
For die length, 1. 25 micrometers and width of face are [ 0. 25 
micrometers and the thickness of the GMR matter part 11 ] 100A typically. 
Ward Rhine 12 is aluminum, copper, those alloys, or a continuous lead 
wire like a tungsten, and can manufacture each of that part at a 
different process explained later. Ward Rhine 12 is separated from the 
magnetic-reluctance matter 11 by the insulating material. 
[0007] In order to write in read-out of the condition of being contained 
in the GMR matter part 11, or the condition to this part, the Ward 
current and a sense current are supplied and the MRAM eel which Ward 
Rhine 12 and a sense line (not shown) intersect is chosen. The Ward 
current expressed by arrow heads 13 and 14 generates magnetic fields 15 
and 16, respectively, a magnetic field [ in / in all the magnetic fields 
in it / the magnetic cell of the conventional technique ] since magnetic 
fields 15 and 16 are alike and overlap in the GMR matter part 11 — 
about — 2 double reinforcement becomes high. If the reinforcement of a 
magnetic field required for the GMR matter part 11 is the same, the GMR 
matter part 11 is enough if there is a current of a half amount as 
compared with the Ward current of the conventional technique, although 
read-out and the writing of a condition are performed. 
[0008] Drawing 2 is the simple expansion perspective view showing other 
memory cell structures by this invention. In subsequent drawings, the 
part which has the same reference number as drawing 1 is the same as the 
corresponding component of drawing 1 . Memory cell structure 20 is 
characterized by winding Ward Rhine 12 around GMR matter partial 11 
single perimeter once or more. Although the memory cell structure 20 is 
covered by the dielectric matter, this is not shown in drawing 2 . The 
reinforcement of the magnetic field in the GMR matter part 11 is 
proportional to the number of winding of Ward Rhine 12 where the Ward 
current flows mostly. Therefore, the memory cell structure 20 can also 
cut down the amount of currents which flows Ward Rhine 12 equivalent, 
and power consumption. This is attained by passing the same Ward current 
to the perimeter of a GMR part many times. Ward Rhine 12 and a memory 
cell 11 are separated by the dielectric matter. 

[0009] Drawing 3 is the simple expansion perspective view showing the 
memory cell structure of further others of having two or more GMR matter 
parts. The memory cell structure 30 has two or more GMR matter parts 11a, 



lib, 11c, and lid, these are the same as that of what was shown in 
drawing 2 , these are put in block and Ward Rhine 12 is wound. Although 
the memory cell structure 30 is covered by the dielectric matter, this 
is not shown in drawing 3 . Although drawing 3 shows two or more GMR 
matter partial 11a arranged on the same side thru/or lid, Ward Rhine 12 
may be wound around laminating-like the perimeter of a GMR matter part. 
Since the magnetic fields which generate the inside of Ward Rhine 12 
according to the flowing Ward current overlap, the reinforcement of the 
magnetic field in the GMR matter part 11 becomes high in proportion 
[ almost ] to the number of winding of Ward Rhine 12. Therefore, since 
the memory cell structure 30 can reduce the amount of Ward currents and 
its connection of the perpendicular direction in Ward Rhine 12 decreases 
in GMR matter partial 11a thru/or lid on the other hand, manufacture of 
the memory cell structure 30 becomes still easier. Furthermore, 
reduction of the number of perpendicular connection of Ward Rhine 12 can 
attain improvement in a memory cell consistency. 
[0010] Drawing 4 is a magnetic-flux concentration machine (flux 
concentrator). It is the simple expansion perspective view showing the 
cellular structure which it has. The memory cell structure 40 has two 
magnetic field concentration machines 41 and 43 separated by dielectric 
layers 42 and 44 on the GMR matter part 11 by which Ward Rhine 12 was 
wound around the perimeter. The magnetic field concentration machines 41 
and 43 are formed with the magnetic substance which has high 
permeability like a permalloy. Since it is concentrated and expanded to 
the GMR matter part 11 for the high permeability of the concentration 
machines 41 and 43, as a result of using a magnetic-flux concentration 
machine, the Ward current and power consumption will reduce further the 
magnetic flux generated according to the Ward current in Ward Rhine 12. 
Or the magnetic-flux concentration machines 41 and 43 may be formed as a 
part of Ward Rhine 12, and the structure of them is the same as that of 
drawing 2 . 

[0011] Drawing 5 is the simple expansion perspective view showing other 
memory cells which have a magnetic-flux concentration machine. The 
memory cell structure 50 has two magnetic-flux concentration machines 51 
and 53 separated by dielectric layers 52 and 54 on two or more GMR 
matter partial 11a by which Ward Rhine 12 was wound around the perimeter 
thru/or lid. The magnetic-flux concentration machines 51 and 53 are 
formed with the magnetic substance like a permalloy which has high 
permeability. The magnetic-flux concentration machines 51 and 53 are 
arranged on the top face of the Ward metal, connecting with this is 
possible, the magnetic flux which generates Ward Rhine 12 according to 



the flowing Ward current is centralized into it, and magnetic flux is 
strengthened in each GMR matter partial 11a thru/or lid. Therefore, the 
Ward current required since the memory cell structure 50 can attain 
strengthening of the magnetic field in GMR matter partial 11a thru/or 
lid rather than structure without a magnetic-flux concentration machine, 
in order to make the condition in the memory cell structure 50 change 
will decrease sharply. Furthermore, like the structure in drawing 3 , 
since there is little connection of the perpendicular direction in Ward 
Rhine 12 for GMR matter partial 11a thru/or lid, the memory cell 
structure 50 can attain improvement in a memory cell consistency, and 
simplification of a memory cell manufacture process. Or the magnetic- 
flux concentration machines 51 and 53 may be formed as a part of Ward 
Rhine 12, and the structure of them is the same as that of drawing 3 . 
[0012] Drawing 6 is the simple expansion perspective view showing the 
memory cell structure of having the single magnetic-flux concentration 
machine around which Ward Rhine was wound. The memory cell structure 60 
has the single magnetic-flux concentration machine 61 around which Ward 
Rhine 12 was wound, and the GMR matter part 11. The GMR matter part 11 
is arranged among the both ends of the magnetic-flux concentration 
machine 61 through the gap in between with the magnetic-flux 
concentration machine 61 and that of the GMR matter part 11. Although 
the magnetic-flux concentration machine 61 and the GMR matter part 11 
are covered by the dielectric matter, this is not shown in drawing 6 . 
The concentration machine 61 consists of a permalloy typically, and the 
magnetic flux which generates Ward Rhine 12 according to the flowing 
Ward current is centralized into it. Memory cell structure 60 is 
characterized by winding Ward Rhine 12 around concentration machine 61 
perimeter, and is different in the above-mentioned example in that Ward 
Rhine 12 was wound around the perimeter of the GMR matter part 11. 
Therefore, since magnetic flux concentrates on the GMR matter part 11 
further, the memory cell structure 60 can lessen the required Ward 
current further. 

[0013] Drawing 7 is the simple expansion perspective view showing other 
memory cell structures of having two or more magnetic-flux concentration 
machines around which Ward Rhine was wound. The memory cell structure 70 
has two or more magnetic-flux concentration machine 61a around which 
Ward Rhine 12 was wound thru/or 61d, and two or more GMR matter partial 
11a thru/or lid. Although magnetic-flux concentration machine 61a 
thru/or 61d and GRM matter partial 11a thru/or lid are covered by the 
dielectric matter, this is not shown in drawing 7 . Each GMR matter 
partial 11a thru/or lid are arranged between concentration machine 61a 



thru/or 61d both ends, respectively. Concentration machine 61a thru/or 
61d of magnetic flux which generates Ward Rhine 12 according to the 
flowing Ward current are centralized into it. Then, magnetic flux is 
turned to GMR matter partial 11a thru/or lid, and makes GMR matter 
partial 11a specified by the sense line (not shown) thru/or the 
condition in one [ lid ] change. The Ward magnetic field (word field) 
and sense magnetic field (sense field) A condition can be made to change 
only by concentration. Memory cell structure 70 is characterized by the 
number reduction of connection of the perpendicular direction in Ward 
Rhine 12 between two or more magnetic-flux concentration machine 61a 
around which Ward Rhine 12 was wound thru/or 61d and magnetic-flux 
concentration machine 61a thru/or a 61d part, and, thereby, the memory 
cell structure 70 has an advantage of simplification of manufacture, and 
improvement in the memory cell consistency. 

[0014] Next, the manufacture process of the above-mentioned MRAM 
cellular structure is explained below. Drawing 8 thru/or drawing 11 are 
the simple expansion perspective views showing some continuous processes 
in the manufacture approach of the memory cell structure incorporating 
this invention. If drawing 8 is referred to concretely, bottom Ward 
Rhine 80 is formed. Although the substrate 81 of one of convenient 
matter is prepared, it is usually silicon. Diacid-ized silicon (Si02) or 
silicon nitride (Si3 N4) is grown up on a silicon substrate 81. Next, 
bottom Ward Rhine 80 of aluminum (aluminum), copper (Cu), its alloy 
(aluminuml-x Cux), or a tungsten (W) is deposited, and patterning is 
performed on a layer 82. Then, with a chemical-vacuum-deposition 
technique (CVD), on a layer 82 and bottom Ward Rhine 80, a dielectric 
layer 83 is covered and these are separated from other components. 
[0015] If drawing 9 is referred to, on a dielectric layer 83, bottom 
Ward Rhine 80 will be crossed and the GMR matter part 84 will be formed. 
The GMR matter part 84 is formed by lithography masking and etching 
following the sputtering method and it. After forming the GMR matter 
part 84, a dielectric layer 85 is deposited and bottom Ward Rhine 80 and 
the GMR matter part 84 are covered with CVD. 

[0016] Reference of drawing 10 forms the contact hole (or Bahia) 86 in 
contact with bottom Ward Rhine 80. First, patterning of the etching mask 
is carried out on the top face of a dielectric layer 85 using a 
photolithography technique. Next, a contact hole 86 is perpendicularly 
etched to bottom Ward Rhine 80 with the conventional reactive-ion- 
etching technique. At this etching process, one of general etching 
processes including ion beam etching assisted chemically can be used. If 
a contact hole 86 is once formed and a dirty mask is removed, for 



example, a contact hole 86 will be filled up with the conductive metal 
containing aluminum (aluminum), copper (Cu), its alloy, or a tungsten 
(W), ohmic contact with bottom Ward Rhine 80 by metaled deposition will 
be formed, and, subsequently chemical machinery-polish will remove the 
metal of all locations except for the inside of contact Bahia. 
[0017] Reference of drawing 11 forms top Ward Rhine 87 on a dielectric 
layer 85 and a contact hole 86. Bottom Ward Rhine 80 is connected to top 
Ward Rhine 87 and a serial through a contact hole 86 by top Ward Rhine' s 
87 using for and depositing the same metal as bottom Ward Rhine 80, 
performing patterning, and forming the metal and 0MINKU contact with 
which the contact hole 86 was filled up. 

[0018] As mentioned above, the manufacture process of the typical MRAM 
cellular structure was indicated. Furthermore, before the MRAM cellular 
structure which has a magnetic-flux concentration machine deposits 
bottom Ward Rhine 80, and after depositing top Ward Rhine 87, it will 
fully be understood by this contractor that it can manufacture by adding 
the process which forms a magnetic-flux concentration machine. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The simple expansion perspective view showing the memory 
cell structure by this invention. 

[Drawing 2] The simple expansion perspective view showing other memory 
cell structures by this invention. 

[Drawing 3] The simple expansion perspective view showing other memory 
cell structures depended on this invention of having two or more GMR 
matter parts. 

[Drawing 4] The simple expansion perspective view showing other memory 
cell structures by this invention of having a magnetic-flux 
concentration machine. 

[Drawing 5] The simple expansion perspective view showing the memory 
cell structure of further others by this invention of having a magnetic- 
flux concentration machine. 

[Drawing 6] The simple expansion perspective view showing the memory 
cell structure of having the single magnetic-flux concentration machine 
by this invention around which Ward Rhine was wound. 
[Drawing 7] The simple expansion perspective view showing the memory 



cell structure of having two or more magnetic-flux concentration 
machines by this invention around which Ward Rhine was wound. 
[Drawing 8] The simple expansion perspective view showing some 
continuous processes in the approach of manufacturing the memory cell 
structure incorporating this invention. 

[Drawing 9] The simple expansion perspective view showing some 
continuous processes in the approach of manufacturing the memory cell 
structure incorporating this invention. 

[Drawing 10] The simple expansion perspective view showing some 
continuous processes in the approach of manufacturing the memory cell 
structure incorporating this invention. 

[Drawing 11] The simple expansion perspective view showing some 
continuous processes in the approach of manufacturing the memory cell 
structure incorporating this invention. 
[Description of Notations] 

10 Memory Cell Structure 

11 Magnetic Matter Part 

12 Ward Rhine 
12a, 12b Leg 
12c Cutting tool 

20 Memory Cell Structure 
30 Memory Cell Structure 
11a, lib, 11c GMR matter part 

40 Memory Cell Structure 

41 43 Magnetic field concentration machine 

42 44 Dielectric layer 

50 Memory Cell Structure 

51 53 Magnetic-flux concentration machine 

52 54 Dielectric layer 

60 Memory Cell Structure 

61 Magnetic-Flux Concentration Machine 
70 Memory Cell Structure 

lla-lld GMR matter part 

61a-61d Magnetic-flux concentration machine 

80 Bottom Ward Rhine 

81 Silicon Substrate 

82 Layer 

83 Dielectric Layer 

84 GMR Matter Part 

85 Dielectric Layer 



86 Contact Hole 

87 Top Ward Rhine 



(19)H#B#fF/r (JP) (12) & Hi if# Ifr & (A) <ll)«HWM&W#*f 

W8I¥10- 116489 

(43)&WB ¥^10^(1998) 5^ 6 B 



(5i)int.ci. 6 mm^ F I 

G 1 1 C 11/14 G 1 1 C 11/14 Z 

//H0 1L 43/08 H0 1L 43/08 Z 



»*Sl©lC5 FD (4 7 1) 



(21)fflB#^ 


#S¥9- 191829 


(71)fHHA 


390009597 










(mama 


^9^(1997)7^18 




MOTOROLA INCORPORAT 








RED 




674387 






(32)** B 


1996^ 7 J! 2 B 




•f -X h • 7J!^>^-f >■ n-Hl303 


<$3)*£fl£2RB 


*B (US) 


<msmm 










7* U *-&*HT U JP/t- K * 








IX h • ->i'J- • H5-f ^1143 
























h ./tD5/ • F9-f 71917 



















(57) ami 

[US] 7- KTOIfOffifcfclSofc** U • -feiWI 

So 

2) fi<«lHl*tifcE*JK»fflK (GMR) »«95# (1 
1) J&M^^-T^-feX-^t'J (MR 

AM) •t;U«Jfi*ffi«f *o 7-K«3(t (13, 14) 
fc«fcoTSffiT*8ffltfGMR*flKI5# (1 1) (C*^ 

«KB<a«o $ftlsk GMR^ft 

g|5# (1 1) tciffii*-&SCtK«fcy, fi£*£>MRAM 




imosn wM^><?k'7?-tX' do) 

y • ■fe/MgjgT'fcoT ■ (1 
1 ) ; £ <fctfiy|B95#©-£$J©±tC Jg 1 BPSB (12 
a) % «rtBg|{»Ofl!cSfll©±tCJ(S2WW (12b),fi 

*xffli&®tofcmm*miTZ8m/wt' (12 c) * 
tr««# (i 2) ;*za&z.t**mttz**v 

••b;u«JS do). 

[»*JS2] MfB5S14#95# (ID ©*f[p]ll©M!B?S 
ft (1 2) tfififcEBStU tulB^ttftgP^ (11)^ 
«H!*««f*ti:««Jl!«tf#a (4 1. 4 3) 
fcC£*fc«£-rsil!*JSl IB«©saS[7>^ • J"J 
-kx- WJiztsiiS***) --biMIBB do). 

[»S»S3] SuIBSSmmWS (4 1, 4 3) fccfctfM 
IBBtttttSlft (11) IHfc»A*nfcSi«ttI (4 2. 
4 4) *»C^4SCt*»«i:ra««^2IB«©attl 

=iy$u • Tt-tx • **ytca3W-***y • mmm 

d o) . 

m$m4] W5S3>#U • Z^-feX • **y £331*3 
^i'J • -bibSBt (6 0) -pfcoT : 

(6 1) ; «IBBDMI*#ft©-*fl!lcJB 

iWBk B5IB^m**#©©fte^iJtcM2ffllg|5, *3<fctf 
«|/Wh*1iT«lft (1 2) ; toMMEBSm* 

#«fca»i«icis^**iftattt#*ii»» (id ; * 

Srt*E4:*IWU:T**ty ••fe/WKfi (6 0) o 
MS&I5] WS&yVL -7<7-bZ' WJiztSliZ 
yt'J- -fe;l/«iS©«Bt3K6T»*oT : «E«»7>^ 
2* • • ^^EUAW^tiSSffi (8 1) «££ 

rass ; mmm (a i ) ±tcsg i #w (so)* 
Bj$,?z®m ; as i rwmi (8 3) zmmtzmm ; 

6HIB$l8ttlft (8 0) ±*SSB-r**3H:itttt»SP» 
(8 4) «&j$?3gFB ; MIBSt5 (8 1) . luIB^tt 
#85* (8 4) , fc£tfMtBSg1?S«i (8 0) ±fc, 

sims (8 5) **i»-r§spg ; kigrvwi (s 

5) £MiIU IOIB»l9f«R (8 0) t.&m%lU 
7 • (8 6) ZBMtZtm ; tuIB/KT 7 • *- 

/K8 6) K*ttftft«%a?3i!iR ; fc^y-'HuiB^a 

tU (8 5) ±ic, ftHi1*£ttfttt£^3tifc)g2 
2f«£ (8 7) ZBtitZfSim-.frZMZZtmWlt 

[000 1] 

wr^t»©T-s§. 

[0002] 

[ft*©8fl5] WS&yftU -7?-tX-**V (MR 



AM) UTSUs S*«lz\ **y#? 

<hLT©g^^MJStn (GMRrgiant raagnetoresist iv 
e)«tft»#, -t>7.-7Y>, fcjctf 1 ?— K • •7'f>* 
#t>. MRAM&, GMRgP^tCjJ^T^M^ 
iMeE^TytyttttfcEttU GMRaS41L^^ 
tU©gc*tilL^T3„ GMR*Krt©«a^HI/ 

{*s &3xu->*/u y g m Rftasu^ 

£BMil]*ft*i:. -*lRl^5fl!j*ia(c#St!:*P<wy 

roj tLTSftU fl!l£©£lR]*li3 ri j t LZfc 
BT*Efc#W5. GMR^'JIt %Bff£<BilII 
*ft&l^l£?*&. Cft6©tttt*fiB#-r*o GMR* 
ftfcfcEtt* ftfctfJgtis G M R8#£S9JK£tt?ti 
/c-b>X--70lCj:oTgc*tB-rc:i:^T^So IP 
"6x Wft^h;l/©*fii(£:d:oTGMRS»©ffiffit3{j«a 
&§©"£% GMRWHc6WB»[^h;K0^fl)fi 

5. 
[0003] 

SttK* JH-©*R«T»y» GMR*Mto>±BISfctt 
Tfl5fcEM*ft*o GMR%M8#£fc^TW&£!i 
1SI©MRAMT-Ii1 0mA,t , JI^i 

«U coct^MRAMSM^SNBOfflarofeiftoas 

[0 0 0 4] LfctfoT, 7- K«3ft©ffi«*Hofc* 
[0005] 

BHRrlB*rsfca&©#S] ±JE©iJ<fcO :; ?-©fte©^ 

^ft C7- K--5-r» fc*$a^ 
8B»i^i*KS»©-*«Kaiwfc ^±mmmm 

nyfcZmm \ycmMW#kt&miU h (connecting 
blght)*«f«„ Sfe. 9ft^GMRttKSi{^«^tt 

[0006] 

[^©HSS©Jf^] IHUi. *WBKJ:*^y 

;b«ss/T5-riBi«fi*«aia?**o ^ty •■b;i/«et 

i 01*. jim^KSP^i K ^ICS^MSK (GM 

r) *n^sa«s»i i. asmcwsi 2a, 12 

bfccfcO-VK h (bight) 1 2 c*#"T^7- K • 
1 2*^«j. /ty •■b;MKil Ott, 

GMRtlK^I -y^I/Sfctta*fc(*zi/t/U 



WftW I U - I I 048V 



h &* 1^4^*16 ©££©<£ 3 ftSSttttll tt%Z.t15< 
T*S, Cu©*3&#WBWIMfcJ:oT5»*ftT 
l^o GMR%»gP#1 Hi, §£#1. 2 

5 /jm, «#0. 2 5 /urn, ^LTJP^JbM 0 0:*>-7" 
Xhn-i*?SS„ 7-K-7<V12li, T^bS^* 
ixSfctt«Sfctt*ftS©^S3^tt*>?X7 1 >© 

*5itmmTzmmT&Vs *©&&»(*» mmwt 
1 2&, ummtc&?Ts mammx-i i *s5mi 

[0 0 0 7] GMRttJtgftH 1 fcSSftTl/^tttt© 

«MRAM-b;U*3BR-rSo £813. 1 4[C<fcoT« 
*>3-ftS7- tnWUttil 5, 1 6£#8£ 

n. 111 5, 1 6(4, GMR^HSPtfl IfclCfil^ 
Ttt«^y^3©7\ *©*©£?&i§l4, ft*Kii©?8 
ft-fe;Hc33W-3«S<fc U fcS£2fg3aStf*< &3. G 

tfs GMR^ltgP#1 1?ttl^©«*BL33j:im* 
a**fr5©ic» tt3«BIW>7-KWKctt«LT, ¥ 
#©M©1I^#&ft«+#7-£3o 
[0 0 0 8] H1214, aHWiKJcSflSoytU • -fe/HS 

0 1 tp-*is»**wrsais»tt. MTsi i <om 
¥£m-T*&%c y^u ••b;u«jfi2 0(*. m-©GM 
r*k»#i 1 jawc 1 0j-x±7- k • ^-r> 1 2«m 
0*tiT^*ct*wntr*. **y •■fe;M«fi2o 

(4il«WWPB*3tiTt'»Stf , CftttH 2 fcttiS* ft 

T^at\ GMR^Rgp^i i tasitzmmotiSfflt. 
7- Kwatfsitns^- k • ^^y 1 2©3$tt8ttt:f£ 

ttK7- K • 1 2«3Kft3«3tt. 33<fctf«*r;H 

K«ats^aiHiatrctKj:^Taa*ti*o 

[0 0 0 9] 0314, aK0>GMR4Mttt#*4rr«K 

£«©**■; • *;u«s*^-rmissfcfc«sH?**o 

/ty •■fe;U«J63 0(*«a»©GMR!|Wt9»1 1 a, 
11b, 11 cfe«fctf1 1 dHU CftS(*H2te^ 
Lfcfc©£H-WA CftS£-fiLT7- K • 
>1 23H^0*ftT^«o •■te/MI£3 0W\ K 

mfWfcSfratoftT^stf , ctittH 3 ictts**iT^ 

&l\ EI3(4, EHB±fcEll*ftfc1ta©GMR»S! 
SKM 1 aftl/*L1 1 d£5Vfjb\ 7-K-5-f>1 2 
f*8Witt©GMRftftfP»JllHcSlHlLTti«feL\ 7- 

Kifttfiay^a©?, gmr%hsp#i i (estreat 



3§©3iiJt(4, 7- K • 2©S*«»(!:S«ifc«l 
LT/S<fc3„ LfctfoT, *t'J •■fe;M«63 0(4 , 7 
- FWtt«*Sf C <fc£W, -*G M RftHSPtf 1 
1 a£l^L1 1 dH»c7-K' 2©gS;fifiRi© 
»«tf'J>fc<&3fcik ^'J •■fe/U«JS3 0©tBttf 
-JfS^<fc£3o Ml::, 7-K-701 2©SiI&§! 
»©«'>£«* y, • *;U«fiffliRi±tf&8RreE-p 

[0 0 10] 04(4, SSm*^(flux concentrator) 

*#-r«-bji/«s*sri«BMis*«SB?**o ^y 

•-b/Ut§il4 0(4, JDH(C7-F-^>1 2iiMSlHlS 
nfcGMR^KgP^I 1±(C, §§»*JI4 2, 4 4(C£ 
oT»»* tlfc 2 0©BWftifi»4 1,43 *WT3o 
8fflll*«4 1, 4 314, /t-TP-r©«fcdft»l« 

**wr*^f*79&awrftzvSo 7-f-^>i 

2(cfc«-£7- KWBc«feoT«ft*ti*«ait» 
B4 1, 4 3©»^S«*©fca&fc, GM R^JtgPttl 

1 tc***ftK**ft3©^ mitMKffii^ts 
m, Mic 7- KWte <fetf «MMunsMr « c t to* 

Z> 0 fe5Wi, RBK«ifH»4 1, 4 314, 7-K-7-T 
>1 2©-SfcLT»J*LT«fe.fc<» ^©^51141112^ 

[001 1] iu5t4, a^*»**-r3fl»i©*ty • 
■fe;u*mriWSJS*»BlH?**o y^u WHS 5 

0t4, JBHfc7-K-7-r>l 2jfj«#|=]*tlfca»©G 
MR%»g|5^1 1 aftl^LI 1 d±lc, ^«ftS5 2, 
5 4te«feoT»IBI*nfc20©«jei*»5 1, 53^ 

^r^o »xfttf>»5i, 5 3t4, /t-TP-r©«fc5 

**»5 1, 5 314, 7-Fftli©±lB±lCEU Ctl 

ft* -7- K«atte«fc^T«Sf *8tS**©*fc«tf* 
TO4§GMR%Kgp»1 1 aft^LI 1 dfcfcl^ 
T3ifb*ft-5 0 L/c*^T, yt'J 5 Of*. 

8Hai*«©at^«S«J:y%., GMRUMgp^l 1 a^: 

i>nid tca5^««»g©3fifb*a«-r * 

©T\ ^ty ••t/wiifi50{cfe^«ttii*x#*** 

MIC «y -^;U^ig5 0l4, H3(C£(t*tt£^^ 
«. GMR*R9»1 1 aft^LI 1 dBB©7-K'7 

-rvi 2©sft&ia©««fi^ai^©^ ^'j • -t/u 

«Jt©lRl±feJ:tf^ i Ey • ■fe/UtBi7 , p-feX©llS«Mb€' 
H«Ct#7*#So S*IM4, «$ft(f)»5 1, 5 3 
14, 7-K-7YV1 2©-gp<tLT^LTt,cfc<, 
*©*l&UH3£fflM?&«. 
[0 0 12] IH6{4, 7- K • 'y'fy&miBtefttcm- 

«SH7**o y^y ••b;b«JS60(4. 7-K-v-T 
>1 2#SS#ftf£*-©BtSaiit«»6 1 <fc, GMRi 

«gp^i ittttZo GMR%«gp»i H4, mmm 



wmj-f- i u — i i o 4 b y 



*g|6 1 <hGMR%»S5#1 1©tlB(C*+y^«^L 
T, 1BWI*»6 1©li*ia(cEB**lT^«. 

*t§6 1 £«j:tfGMR«KsiJ»i 1 mwM®m-?m 
6 1 1*. «s«fc/t--?nf ^siay* 7- f • ^-r > 

1 2*^57- K«aEfc<fcoT«£r35tt**©* 
(c***-a:So ^€'J ••lr;W»t6 0tt, 7-F-^-f 

>i 2 tf**»6 ifflHfcsiHi*n*c t«-«#a^u 

MifiOSJMHfcfcl/^ 7-K- J 5-C>12tfGMRto 
KSB#1 1 <OjaHfc#0SftT^fcj£Tffi»-rS. Lfc 

[0013] 07ii, 7- >tfH0**ifdia 
©asywssrrsffiayty • *;Mtas*jji-rfw& 

JS*»BH?S*o ^t'J --frMii^Ott, 7-F- 
7<>1 2^«|a|f tlfc«ft(DttXII4i«6 1 aft^L 
6 1 d<h, ttSKDGMRttKflttH 1 aftfLI 1 

?8Sm**S6 1 aft^L61 d33<fctfGRM 
»agI5^1 1 aftl^LI 1 d(4, «WMMlT?«feftT 
C*U4H7lel45^*lTl^l\ #GMRftft 
1 aft^LI 1 dl4, *tlWU Jt*t§6 1 a& 
l/»L6 1 dOM«HWIBlcE«*ftTf *. **SS6 1 a 
ftl^L6 1d(*» 7- F • 5-f>1 2*at*l*7- K« 

t. mmt. GMRftftgPttl lamil d 
5*1, -b>X«5-f> (HaWf) K<fcoTfi£**i/c 
GMR^Jtgfltfl 1 aftl^LI 1 d<D10fcj3W-*tttt 
*3Sff**So 7- KfiSJfCword f ield)£«fctf"fe>X« 
(sense field) OffrtW?, Vm*&.Wtt%Zt 
tfT**o *t U • -fe/l>*8i£7 014, 7- K • 1 
2^E**lfcaaa)BBM6tt'»6 1 aftl/»L6 1 d, 
fi«fetfl»»l«f»6 1 aftl^L6 1 d©W»Hia)7-K 
2©Sit*iBjoSgBH^**?*ai:U c*i 
fc<fcy, «y ••fe;M*ft7 0fck 8Bl<0llB«Kbfe*a s 

[0 0 14] ±$0MRAM-fe/l4gi£<Dg£il7 o P 
•b^SWTfcKWrSo H8a^LHl H4, *#8II3£ 
'J • •fe;U«BSO«JS&S6tcfeitS^<o 

8*#!H-r3t. Tfi'J7- F • 7-fV8 0^3M**lT 

t\ a«tts"j ->yp>»«58 1 _btc— ^ 

ib->'JP> (S i 0 2 ) SfcttSfbS/UHV (Si 3 N 

4 ) zmmz&Zo -kit. -7/a (a i ) . m 

(Cu) . *7c:l4*©#ft (A I 1-x Cu x ) 2531M4 
^V^XtV (W) ©T#J7-K-5-r>8 0*ltffl 
U J18 2±77\ 0 ^-->^t5o ^<D&, 4b¥$* 
(CVD) K<fcoT, Jf8 2fccfcirF$J7-F-7 
•<>8 0±(cBt««B8 3*tt«U «flWR?ir5C*l 



[0 0 15] H 9 t» fSW*JI8 3±tc£^ 
Tx TiJ7-F-^-r>8 0^t^oTGMR%ag|5» 
8 4«»Jtt5„ GMR%f!gP#8 4t4, X/ty$ry> 

«fetfxy^y^t«:«l:^T^-r*o GMRte«as^8 4 
£HM Lfdi, C V D £ <fc o TSMttS 8 5 £*t» U 
TAH7-K- 7'<>8 0fc c fcO ; GMRftKa5^8 4^ 

[0 0 16] HI O&SNStZts TW7-P'^y 
8 0(E«*«=i>**h-*-Jl> (Sfctt/t-r70 8 

Tv ■§«M8 5©±iIUfcXv*:/$ r '-7X*;£/«r 

-->-jfr«o we, 8»ofij»tt-r*v • 

SffitCfcy. TfJ7- K • 7^ >8 0S?£K&fefc=l 

*>7*«MS, ^rnfr©HKW&xv*>? • 7°P 

8 6«)KALX9^«7X^«l»£L^:ft6« 00*14, 
7/U5X7A (A I) , (Cu) $fd4^-<D^ 

ft, *>*\*\s.*w?7jTy (w) *^«jw«tiftji*ii 
h • *-;l/8 6tc3B«U ft«©iHlfi:«fe«» T 
fl!l7-F- ; 7'r>8 0«!:<D*-5y^ • P>^^ h^-Jg 

[001 7] mi i*#fsar*^ sib^ssjjj:^ 

h • *-;U8 6±IC±«7 - F • 7^8 7^ 
±ffl!l7- F • 7-T>8 7 (4, T11IJ7- F • 7 

osoii^-fts^fflu *i»u 

frt\ ^VZ<7 b • *-;l/8 6lc^JiLrcftM<!:7t--5 
>^ . uy*? h^^-T«iIitcJ;oT, TfJ7- F 
•7<>8 0i)\ P>^^ h -*-/U8 6*^LT» ± 

tj7- f • ^<>8 7 tmmzmmznz* 

[0 0 1 8] J-X±> «ffl«aMRAM-b;W«fi©8BS7' 
□ •feXSB^Lfc. MtC, ttX*98$&-r3MRAM 
•fe/U«3fitt» TfiiJ7-F-^^>8 0^iia-r5ijx £ 
«fctf±«7- F • 5-T>8 7*iHILn:«(C, 

?»*E£W\ ^'^#tc(4+^tcS^*nJ:3o 
[HSCSPfeSiW] 

[Hi] sKSBfcfe^ty • "fe;i/«is*^-riisi«s* 
[H2] *«wic«fe«fl!!<opt=Ey • wm&zmTim 

[H3] *fg0/1lCj;§, «ftO)GMRftfl^«Wr« 
[H4] *^^cfc«, BHaM>S*£-r*fl!M>*ty 
[H5] *fg0^tcj:§, »^|ff»*#-r*Stcflfi©> 



wra-r- 1 u - i i 



[HI 8] *§&R&&a&fote* : E l J • */WKfi«BSt- 
Mo 

[010] **W*«3WiA/^ : EU • -biMUfflSSBg 

an, 

10 ••fe;HHifi 

1 1 mssmnm 

12 7-F-5-r> 

1 2a, 1 2b pas 



1 2 c 



0 yt'J --tr/MSl 

o yty'-b/wus 

la, 11b, 11c 
0 ••teJWBB 

1, 43 w*mw& 

2, 4 4 ^iftl 

0 ytU'-biUflBS 

1, 5 3 Bffi*it>« 

2, 5 4 Bg«ftj| 

0 ytu •■b;MBfi 

1 Bi£ft>P8 

o *=e*j ••b;u«fifi 

1a~11d GMRftftSPtf 
1a~6 1d 18X11*8 
0 K • 5-T> 

1 

11*1 



GMR*«»» 



91] 




wra-t 1 - i u - i i o 4 b y 



[07] 




(72) »flll# h • JP>*> 

7* U ft^HT 7 U !7«Hx>e» "9-7 
X • • K^-T 78623 



